Failure inception of a deformable sphere loaded by a contacting rigid flat is analyzed separately for perfect slip and for full stick conditions and various material properties of the sphere. Ductile yielding and brittle failure inception of the sphere is identified by the critical interference and associated normal loading as well as the location of the first yield or failure occurrence. The analysis is based on the analytical Hertz solution for frictionless slip condition and on a numerical solution for stick condition. Failure inception is determined by using either the von Mises criterion of plastic yield or the maximum tensile stress criterion of brittle failure.
INTRODUCTION
The contact of a sphere and a flat is a fundamental problem in contact mechanics (see Johnson [1] ) with a wide range of applications, like friction, wear, sealing and electrical conductivity between contacting rough surfaces. Following the classical work by Hertz from 1881, Huber in 1904 (see FischerCripps [2] ) calculated in detail the stress field associated with an elastic spherical contact.
Chang [3] and Chang et al. [4] solved the problem of yield inception of a spherical contact in the case of perfect slip using the stress field of Huber and the von Mises yield criterion. The first analytical approach to the problem under full stick condition is due to Goodman [5] . The effect of the tangential stresses on the normal displacements was neglected, and the pressure distribution over the contact area was assumed to be Hertzian. A more accurate analysis under full stick condition was made by Spence [6] . It follows from his solution that for small values of the Poisson's ratio the influence of shear stress on the contact load is appreciable. Johnson et al. [7] extended the Goodman's solution to find the radial stress distribution at the surface of the sphere both inside and outside the contact area. They solved the problem for the maximum tensile stress which causes fracture of brittle materials. Hills and Sackfield [8] deduce a complete picture of the stress distribution assuming full and partial stick conditions. The present research presents an accurate numerical solution for the yielding and failure inception of normally loaded spherical contact under full stick condition for various material properties, and compares it with the perfect slip condition results.
THE SPHERICAL CONTACT MODEL
A deformable sphere, with a radius R, in contact with a rigid flat is presented in Figure 1 . The solid and dashed lines show the contours of the bodies after and before the loading, respectively. The interference, ω, and contact area with a radius a, correspond to a contact load P.
The boundary conditions consist of constrain in all the directions at the bottom of the hemisphere and in the radial direction at the axis of symmetry. The surface of the sphere is free elsewhere except for the axial displacement caused by the contacting rigid flat.
Two contact conditions are considered: perfect slip assuming no tangential stresses in the contact area, and full stick where further relative displacement of points engaged in contact is prevented ( [7] ). 
where E and Y are the Young modulus and yield strength of the sphere material, respectively, and C ν is a function of the Poisson's ratio, ν, in the form:
Similarly using the maximum tensile stress criterion for perfect slip contact (see for example [7] ), the critical interference, cf ω , and the critical load, cf P , corresponding to the failure inception of a brittle material can be expressed as follows:
where F is the failure tensile strength of the sphere material. The failure inception for full stick condition was studied numerically, using a commercial ANSYS 8.0 package. 
CONCLUSION
It was found that for small values of the Poisson's ratio the behavior in stick is much different than in slip because of high tangential stresses in the contact interface under the former condition. For high values of Poisson's ratio the tangential stresses under stick condition are low and the behavior of the failure inceptions in stick and slip is similar.
